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Fifty-one normally developing infants aged birth to 18 months, 10 or 11 in each of five age 
groups, were videorecorded in their homes before and after an expected change in the form of 
their vocalizations and under a set of conditions that reflected common daily occurrences. The 
vocalizations produced were coded according to their communicative contexts, defined in 
nonvocal behavioral terms. Communicative codes were assigned to seven major categories. 
The distribution of codes across categories was found to be different for different age groups. It 
varied between the first and second observations; however, the pattern of change differed 
across age groups. Data from individuals were transformed to proportions, to control for 
individual differences in productivity. They were then found to reflect differences in level of 
development of vocal communication. It was concluded that vocal communication follows an 
orderly developmental sequence in normally developing infants in the first 18 months of life. 



KEY WORDS: communicative development, subsystem integration, social interaction, 
vocalization, infants 



The profound influence of technology upon studies of sensorimotor development in 
infants has led to dissatisfaction with Piagetian stage theory. No comprehensive 
theory has taken its place, and questions about continuity versus discontinuity of 
development in cognitive, social, linguistic, and other domains are still being debated. 

A clear example is provided in the literature on development of social communi- 
cation. In the 1970s, many investigators were preoccupied with the development of 
social communication in prespeech infants. Infants in two age ranges received special 
attention: the first (from 2 months approximately) in which very young infants begin to 
show eye contact, smiling, and vocal turn-taking in response to adults; and the 
second (10 to 18 months approximately) in which older infants begin to use sounds 
together with gestures to express intentional meanings. 

Communication in the birth to 9-month period was described by Bates (1976), 
following speech act theory, and by Bates, Camaioni, and Volterra (1975) as 
"perlocutionary" (i.e., nonpurposeful) although having systematic effects upon the 
listener. These authors described infant communication from 10 to 12 months as 
"illocutionary," that is, expressing intentional meanings through vocalization and 
gesture, and from 13 months onward as "locutionary," that is, expressing intentional 
meanings through symbol use. It was proposed that by engaging in the early 
behaviors infants acquire a social framework for language. Having discovered what 
can be achieved through nonverbal and vocal communication combined, they are 
subsequently much better able to learn how to conduct verbal exchanges in the 
second year of life. In addition, it was pointed out that mothers, by interpreting infant 
behaviors and responding to them as if they were communications, provided their 
infants with a way into the language system and helped them learn how to express 
real intentions. 

Enthusiasm for this view was tempered in the early 1 980s. How, it was asked, could 
one be sure that it was necessary for a mother and child to engage in interactive play 
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routines for the child to acquire a language system? It could 
not be sufficient because it did not account for the syntactic 
aspects of language development. Sensorimotor schemes 
might become hierarchical in nature and quite complex, but 
no theory had been developed linking these schemes with 
grammatical development. In addition, other cultures ap- 
peared to follow quite different practices, as far as mother- 
infant interaction was concerned, than are typically found in 
middle-class Western societies (Schieffelin, 1979; 1984). 
Nevertheless, children growing up in these different cultures 
became perfectly competent speakers of their own lan- 
guages. 

In response to this impasse Shatz (1983) suggested that 
because communicative skill is multifaceted and is "situated 
at the interface between linguistic, cognitive, and social 
development," its growth must depend upon growth in all of 
these domains. Instead of trying to explain grammatical 
development as an outcome of early communicative devel- 
opment, one should look instead for developing subsystems 
from each of the three domains and ask how they become 
integrated with one another. Shatz has further pointed out 
that new levels of development might be attained as a result 
of couplings of subsystems that were previously independent 
of one another. A similar interpretation has been suggested 
by studies of young handicapped children (Stark, 1991). 

How might this coupling take place? One might expect it to 
occur at the juncture between one overall developmental 
level and the next. In other words, advances in two separate 
domains might occur simultaneously as a result of integration 
of subsystems. Alternatively, advances might be both hard- 
wired (responses to a central maturational trigger) and soft- 
wired (resulting from integration of subsystems). In our 
current work, the second alternative is explored and the 
emphasis is upon integration of subsystems. Specifically we 
propose the two subsystems of vocal communication and 
sound production are closely linked throughout the first 18 
months of life and that their progressive integration is a 
powerful motivating force in early language development and 
reflects some underlying continuity. 

The present study is one of a series of studies in which the 
interactions of the two subsystems, vocal communication 
and sound production, will be described. The first of these 
subsystems is related to language use (social communica- 
tive aspects of language); the second, to language form 
(structural aspects of language). The importance accorded 
these subsystems by parents and other lay observers is 
evident from the "language milestone scales" that have been 
developed by pediatricians (Capute & Accardo, 1978). The 
terms presented in these interview scales have to be familiar 
to all adults so that parents can readily respond to them. 
They include "cooing," "babbling," "two or more syllables," 
"scolds," says " 'mama' or 'dada' without meaning," "first 
words," and so on. Some of these terms refer primarily to 
communicative interaction (cooing, scolds, first words), 
whereas others describe speech sound production more 
specifically (babbling, two or more syllables, etc.). 

Methods for the study of infant sound production have 
been proposed (Oiler & Eilers, 1988; Stark, Ansel & Bond, 
1988). In order to pursue our investigation it was necessary, 
however, to develop an instrument for measurement of vocal 



communication in the first 1 8 months of life. Scales that have 
addressed social communication in infants typically include 
speech sound production items together with those relating 
to gesture, facial expression, and the adult's participation, 
whereas it was necessary for our purpose to describe vocal 
communication and sound production with two separate 
instruments. 

The instrument developed in the present study was based 
on the assumption that the development of vocal communi- 
cation follows an orderly sequence in all members of a 
representative group of infants from American-English- 
speaking families. It was designed to describe such a se- 
quence. If we were successful, further studies were planned 
that would examine the developing relationships between 
vocal communication and speech sound production. 



Methods 

Subjects 

The subjects of the study were between the ages of birth 
and 18 months. They were 51 first-born infants who had 
normal birth and developmental histories and normal hear- 
ing. Hearing of potential subjects who were 3 months of age 
or younger was assessed by means of auditory brainstem 
response testing, and hearing of subjects older than 3 
months was assessed by means of behavioral audiometry; 
middle ear status was also assessed in all subjects by means 
of acoustic immittance measurements. All subjects were 
required to obtain a score within normal limits on the Denver 
Developmental Screening Test (Frankenburg & Dodds, 
1967). 

These 51 infant subjects were studied within a mixed 
cross-sectional and longitudinal study design. The groups 
were constituted as follows: 

• 1 0 infants studied over an 8-week period from 2 through 
1 0 weeks of age 

• 1 0 infants studied over a 1 0-week period from 1 2 through 
22 weeks of age 

• 1 0 infants studied over a 1 0-week period from 26 through 
36 weeks of age 

• 1 0 infants studied over a 1 5-week period from 40 through 
55 weeks of age 

• 1 1 infants studied over a 16-week period from 72 through 
88 weeks of age. 

Equal numbers of males and females were sought for each 
of the five age groups. However, a number of subjects had to 
be excluded either because they failed the hearing assess- 
ment or the developmental assessment or because their 
subsequent motor or cognitive development was thought to 
be mildly delayed. Unequal numbers (3 males, 7 females) 
were included in the 26- to 36-week-old group as a result. All 
other groups included at least 4 males and 4 females. The 
five age groups were made comparable as a result of 
proportional sampling with respect to race and socioeco- 
nomic status on the Hollingshead Scale (Hollingshead & 
Redlich, 1958). 
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Recording Procedures 

Five audio- and videotape recordings were made of the 51 
infants in their homes by trained research assistants and a 
research associate at equal intervals (2 to 3 weeks for the 
three youngest age groups, and at 3 to 4 weeks for the two 
older age groups). Forty-min recordings were made on each 
occasion, except in the case of the youngest group, who 
were recorded for 20 min only. They usually did not remain 
awake for longer. 

A standard test protocol was adopted for each recording 
session. It included (a) a 5- to 10-min period during which the 
mother interacted with the infant, (b) a 5- to 10-min period 
during which she left him or her in a comfortable setting with 
a visual display (mobile) or appropriate toys, (c) a 5-min 
feeding period, (d) 5- to 10-min period after feeding during 
which the mother interacted with the infant as before, and (e) 
a 5- to 10-min period during which the infant was again left 
alone to play. It was sometimes necessary to interrupt this 
sequence to allow the infant to take a nap. 

It was not known a priori in what situations infants of 
different ages would be most communicative. Therefore, in 
order to avoid biasing the results, a variety of situations were 
included that were deemed likely to elicit characteristic sound 
production behaviors at the infant subjects' respective devel- 
opmental levels. These sound production behaviors, tar- 
geted for later study, were primitive vowel plus consonant 
combination in the first period, vocal expansion in the sec- 
ond, reduplicated babbling in the third, meaningless disylla- 
bles in the fourth, and referential words in the fifth. The 
research staff recorded general comments and relevant 
developmental history information after the session was 
completed. 



Observation Procedures 

In judging the vocal communication of these infants, the 
observers used a system that derived from a number of 
sources (Bruner, 1975; Halliday, 1973; Stark, 1986). The 
system is described in the Appendix. The seven major 
categories of vocal communication proposed in the Appendix 
(Reflexive, Reactive, Activity, Communicative— the latter be- 
ing broken down into Instrumental/Regulatory, Personal, 
Interactional, and Heuristic/Imaginative) were considered, on 
the basis of pilot observations, to be typical of infants from 
different age ranges. The categories were viewed as broad. 
It was intended that they should apply to infants from a wide 
variety of cultures and linguistic environments. The subcate- 
gories included within each category were defined in terms of 
the nonvocal behaviors (e.g., gaze, gestural, postural) ac- 
companying a given vocalization, together with the reactions 
of the parent who was present. 

The observers' task was to indicate, first, the occurrence of 
a vocal "series" and the time interval within which it occurred. 
The vocal series or "utterance" was defined as a single 
vocalization or a group of vocalizations separated from all 
others by at least 2 sec of silence. The observers bracketed 
the time interval within which each perceived utterance 
occurred. They then entered a two-letter behavioral code or 



codes (see Appendix) describing the communicative behav- 
iors emitted by the infant in the course of each identified 
utterance. 

The first category of vocal behavior is that of Reflexive 
Sound Making (birth to 2 months). It comprised fussing, 
crying, and vegetative noises. Distress sounds may be truly 
reflexive in the newborn period only. Nevertheless, crying is 
associated with stress related to hunger, pain, and discom- 
fort in young normally developing infants and is predictable 
under certain conditions. If applied with this reservation, the 
term "reflexive" can be said to describe vocalizations pro- 
duced in distress as well as vegetative sounds. The vegeta- 
tive noises were those of burping, sneezing, and so forth, that 
persist into adulthood and also the wheezing noises, clicks, 
and brief buzzing sounds that are produced only in the first 
few months of life and are associated with protection of the 
airway. Reactive Sound Making is produced in the context of 
face-to-face mother-infant interaction of the kind described 
by Fogel (1977), Stem (1977), Tronick (1981), and Bateson 
(1979), among others. It may be produced in neutral or 
pleasurable contexts. Such behaviors as "rudimentary imita- 
tion," vocal matching, and turntaking are not included as 
separate items, partly because they are reported not to occur 
in some cultures (Schieffelin, 1979) and partly because these 
superordinate aspects of interaction were not the focus of the 
present study. Reactive Sound Making is also produced 
during periods of prolonged visual regard directed toward 
objects, for example, moving parts of a mobile, leaves of a 
tree shaking in the wind, a stationary microphone, or colored 
patterns on upholstery or curtains. Descriptions in the litera- 
ture of Reactive Sound Making directed toward objects 
and/or adults suggested that we might expect this behavior to 
be present in infants of 2 to 5 months. 

Activity Sound Making is produced in the context of sen- 
sorimotor behaviors directed toward the environment 
(mouthing, shaking of objects, crawling, etc.) These behav- 
iors do not involve interaction with an adult. It may be 
objected that vocalization under such circumstances is not 
communicative. The infant may be marking or internalizing 
his actions as he vocalizes, but if so he does not share this 
recognitory function with others. This type of vocal behavior 
was thought to emerge between 3 and 5 months and is 
commonly found among infants of 6 to 9 months. Infants in 
this age range may avoid eye contact and interaction with 
adults when occupied with activities of high interest to them. 
It was felt that vocalization in such contexts should be 
captured in the proposed system. 

Behaviors classed as Communicative Sound-Making fall 
into four different groups. All derive from the work of Halliday 
(1973). Halliday's interest was in the vocal expression of 
communicative intentions of preverbal infants of 6 to 18 
months. Thus, the focus of his work was very similar to that 
of the present study. Halliday observed only one subject, his 
infant son. As far as the authors are aware, his system has 
not been applied experimentally to other infants in the same 
age range. The categories included under the general head- 
ing of Communicative Sound-Making were Instrumental/ 
Regulatory, Personal, Interactional, and Heuristic/Imagina- 
tive. In the present study, the items selected were defined 
strictly, as in the earlier categories, in terms of the infant's 
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nonvocal behaviors and the responses of his caregivers at 
the time of vocalizing (see Appendix). 



Coding System 

One of the authors (RES) and a research associate 
applied this system in pilot form to longitudinal videotaped 
data obtained in a different study from three infants aged 
from birth to 1 8 months. Their aim was to develop unambig- 
uous definitions and to make sure that exclusivity was 
achieved, that is, no vocalization segment could be de- 
scribed by more than one code and that the system was 
exhaustive, that is, all vocalizations were readily amenable to 
description by one or other of the codes. 

Three research assistants were then trained in the use of 
a preliminary set of codes in analyzing representative video- 
taped segments obtained from the three pilot infants. The 
assistants were encouraged to ask questions during this 
process, to confer with one another, and to point out sources 
of ambiguity that they encountered. No new codes had to be 
added as a result of the process. In some cases definitions 
were made clearer and more explicit. For example, it was 
noted that the categories OV and NT could be confused until 
it was specified that OV referred to objects held in the hand 
while NT did not. Similarly, OV was distinguished from OA, 
which requires rhythmic movement of the object by the infant 
or reaching for an object, not merely intense visual regard of 
an object held in the hand. It was also necessary to distin- 
guish OV from WO, by requiring the infant to look toward an 
adult for aid in attaining an object as well as reaching for WO 
but not for OV. It was sometimes necessary in this pilot work, 
in the case of long series of continuous vocalization, to allow 
for more than one code per series. For example, an infant 
might vocalize while crawling toward an object (LM), then 
seize that object and place it in his mouth (OM) without 
ceasing to vocalize. That series would then be coded as 
LM/OM, meaning LM followed by OM. Note that if two codes 
at different levels of categorization were employed in such 
cases (e.g., OA/CP) the vocalization was assigned, in later 
analyses, to the higher of the two categories. 

It was found, when assessment of reliability was under- 
taken, that the observers still shared confusion with respect 
to the codes DO (sounds, words used to draw attention to 
objects, person, animal; or in exchange of objects); CO 
(commenting on an object or movement of an object upon 
which attention of infant and adult is focused); and NO 
(noticing the existence of an object, even one that was 
previously present.) These three within-category codes were 
subsequently combined under the code DO with the descrip- 
tor (commenting on, or drawing attention to, an object or the 
movement of an object upon which joint attention of the infant 
and adult focus). 

The first author (RES) and the three research assistants 
applied the system in judging vocalizations from the first and 
the last recording session for the infants in the present study. 
They viewed the first 30 min of each videorecording, except 
in the case of the youngest infants (2 to 1 0 weeks) for whom 
it was only possible to obtain, and view, a 20-min recording. 
It should be emphasized that they made their judgments 



upon the basis of the facial expression, gestural or other 
movement variables indicated in the code definitions listed in 
the Appendix, not upon the perceived (auditory) characteris- 
tics of the vocalizations themselves. 

The observers' judgments were recorded by means of an 
interactive system. Prior to analysis of the experimental 
sessions a time code was recorded on a second audio 
channel of the videotape. The codes were stored in the order 
in which they were recorded on computer disk. Two com- 
puter processors were employed by the analysis system, a 
DEC PDP 11/34 on which the system ran, and a micropro- 
cessor for sampling the time codes encoded electronically on 
each videotape. Thus, whenever a two-letter behavioral code 
was typed at the terminal, the time of occurrence of the 
vocalization (s) to which the code(s) referred were read by the 
microprocessor and also stored. The system permitted the 
observers (coders) to delete or to change the two-letter 
codes they employed as they wished. The judgment codes 
were sorted according to their correct sequence as deter- 
mined by the time codes. A summary was prepared of the 
observer's judgments for each individual session. 

At least two sessions per age group were viewed by two 
different observers in order to estimate interobserver reliabil- 
ity, and at least two sessions per age group were viewed by 
the same observer on two different occasions in order to 
estimate intraobserver reliability. A total of three observers 
provided these reliability data. 

The first question asked was whether the observers were 
equally sensitive to the occurrence of vocalizations to be 
judged. It was found that one observer might omit brief, low 
intensity grunts from consideration, especially if they were 
obscured by noise, whereas another might not. A second 
problem arose in the case where pauses separated portions 
of continuous vocal output. Each judgment was securely 
identified by the time code associated with it. However, the 
judges were instructed to make a new judgment whenever a 
2-sec pause was observed (by scanning the time code on the 
videotape). This judgment was not always reliable; thus, one 
observer might code a vocalization as OA/OV, whereas 
another might code it as OA and follow it by coding a second 
vocalization as OV. 

This problem of segmentation pervades all studies dealing 
with infant vocalization. Lynch, Oiler, and Steffens (1992) 
have suggested that coherent phrases be identified as 
agreed upon by trained listeners, rather than time-based 
units. We feel that, because communication behaviors may 
shift rapidly within a long phrase containing pauses, this 
approach may not be sufficiently precise for our purposes. 
One solution in future studies might be to make two passes 
through the data, one to identify the units to be judged, the 
second to code an agreed-upon set of units. To facilitate 
agreement, a sound level recording trace of long series of 
vocalizations interrupted by pauses could be generated, 
duration measured for each pause, and subdivision of the 
series made such that units were always separated by 2 sec 
or more. 

The observers in the present study frequently made more 
than one pass through the data. However, consensus was 
not obtained with respect to the precise segmentation of 
vocalizations to be judged before the observers proceeded 
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with the coding. In the present study, therefore, interjudge 
reliability was determined only for the vocalizations that both 
observers had coded, and intrajudge reliability only for the 
vocalizations that the same observer had coded on two 
separate occasions. 

Interjudge agreement ranged from 76 to 89% across all 
communicative categories; intrajudge reliability was 83 to 
97% for category assignment. Interjudge reliability for indi- 
vidual code (within category) assignment was lower (67 to 
85%) primarily because of the confusion between DO, CO, 
and NO referred to above. Following the combination of all 
three as DO, interjudge reliability was found to be in the 
range of 76 to 87% for individual code assignment. Reliability 
for intrajudge assignment to overall categories was 78 to 
87% before the DO, CO, and NO codes were collapsed 
under the new DO description, and 80 to 91 % thereafter. 

The aims of the present study can be restated in terms of 
the categorization system described. They were to find out 

• if infants in each of the specified age groups advanced 
from one level of vocal communication behavior to the next 
highest level during the period of study; 

• if older infants engaged in higher level vocal communi- 
cation behavior than did younger infants; and 

• if the results of categorization of vocal communication 
behavior in the entire sample of infant subjects supported the 
hypothesis of a normal developmental sequence. 



Results 

Age-Related Effects 

Over 14,000 vocalizations were identified, and the catego- 
rization of these observations yielded 14,478 entries. The 
raw data are given in Table 1. Table 2 shows the mean 
number of vocalizations per subject in each age group for the 
first and last observation sessions. A saturated loglinear 
model was fit to these data using the HILOGLINEAR proce- 
dure of SPSS" (1986), and tests of partial association re- 
vealed that both main effects and their interaction were 
significant. That is, the number of vocalizations varied from 
one age group to the next [X 2 (4) = 1271.89, p < .00005], 
from the first observational session to the last [X 2 (1) = 40.97, 
p < .00005], and the pattern of change over time varied 
among the five groups [X a (4) = 28.45, p < .00005], Although 
the trend was for productivity to increase between the first 
and last sessions, this effect was small relative to the 
increase between the youngest and oldest subjects. Differ- 
ences among the first four groups were small and inconsis- 
tent compared to the high frequency of vocalization observed 
for the oldest group (72-88 weeks). 

The five sections of Table 3 present the frequency distri- 
butions across the seven categories for each age group, for 
the first and last recording sessions, hereafter referred to as 
Sessions 1 and 2. Inspection of these data suggests clear 
age trends. For the children in the youngest age group (2 to 
1 0 weeks) all vocalizations were placed in the Reflexive and 
Reactive categories. With increasing age, additional higher 
level categories were observed. The Heuristic-Imaginative 
category was not observed until 40 weeks of age. 



TABLE 1 . Frequency of vocalization in each category for indi- 
vidual subjects in two observational sessions. 
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4 


2 


1 


0 


3 


21 


2 


37 


57 


45 


0 


5 


1 


0 


3 


22 


1 


37 


61 


27 


4 


0 


0 


0 


3 


22 


2 


17 


72 


58 


1 


0 


0 


0 


3 


23 


1 


73 


57 


10 


0 


0 


0 


0 


3 


23 


2 


32 


51 


15 


0 


0 


0 


0 


3 


24 


1 


11 


36 


81 


1 


2 


3 


0 


3 


24 


2 


23 


108 


68 


0 


0 


0 


0 


3 


25 


1 


26 


71 


52 


0 


0 


0 


0 


3 


25 


2 


22 


64 


9 


1 


0 


0 


0 


3 


26 


1 


71 


52 


15 


0 


0 


0 


0 


3 


26 


2 


32 


118 


54 


0 


3 


1 


0 


3 


27 


1 


28 


50 


31 


0 


2 


0 


0 


3 


27 


2 


25 


22 


61 


0 


3 


0 


0 


3 


28 


1 


33 


47 


14 


0 


0 


0 


0 


3 


28 


2 


33 


90 


29 


2 


10 


0 


0 


3 


29 


1 


98 


58 


13 


0 


0 


1 


0 


3 


29 


2 


45 


77 


78 


1 


17 


3 


0 


3 


30 


1 


40 


35 


22 


1 


0 


0 


0 


3 


30 


2 


25 


48 


27 


2 


0 


2 


0 



Table continues on next page. 
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TABLE 1. (Continued) 



Group 


OiiHIa/vf 

oUDjeci 


osssion 






Category 






i 


£ 


3 


4 


5 


D 


7 


4 


31 


1 


32 


60 


32 


0 


2 


0 


0 


4 


31 


2 


20 


60 


66 


2 


7 


8 


0 


4 


32 


1 


34 


35 


24 


1 


33 




o 


4 


32 


2 


7 


13 


19 


9 


4 


29 


o 


4 


33 




g 


85 


27 


7 


43 


23 


1 


4 


33 


2 


10 


44 


9 


17 


13 


99 


7 


4 


34 


1 


42 


31 


2 


3 


0 


1 


o 


4 


34 


2 


25 


35 


17 


1 


0 


10 


2 


4 


35 




17 


27 


22 


3 


17 


2 


o 


4 


35 


2 


28 


75 


61 


0 


19 


4 


o 


4 


36 


1 


4 


53 


66 


4 


16 


8 


0 


4 


36 


2 


3 


55 


31 


4 


20 


15 


4 


*f 


Of 


i 


c 


Gift 


39 


0 


4 


Q 
O 


n 
u 


*f 


*¥7 
Ol 


o 
c. 


Q 
O 


A** 
*rO 


39 


0 


16 


7 
f 


XJ 


*r 


OO 


1 




I o 


28 


8 


0 


c 

o 


u 


4. 
*r 


OO 


o 


1 1 


1fi 
1 o 


4 


18 


1 


14 


u 


A 
*r 


OS 


I 


1 n. 


£ I 


34 


15 


29 


1 1\ 


ft 

u 


A 
H 




o 


D 


99 


46 


17 


3 


^9 


ft 


A 


*rU 


I 




7A 
f *r 


28 


0 


1 


n 
u 


ft 

u 


A 
H 




o 
a. 


19 


Of 


54 


0 


12 


o 


ft 
u 


5 


41 


1 


2 


14 


18 


6 


2 


47 


11 


5 


41 


2 


11 


4 


12 


4 


38 


69 


32 


5 


42 


1 


3 


14 


6 


16 


32 


34 


30 


5 


42 


2 


8 


1 1 


3 


8 


14 


34 


45 


5 


43 


1 


4 


19 


22 


9 


16 


39 


24 


5 


43 


2 


o 


20 


18 


2 


14 


186 


30 


5 


44 


1 


2 


31 


29 


16 


23 


44 


2 


5 


44 


2 


3 


13 


12 


19 


51 


83 


5 


5 


45 


1 


3 


55 


21 


1 


57 


39 


27 


5 


45 


2 


4 


40 


30 


3 


28 


91 


70 


5 


46 


1 


4 


12 


5 


22 


22 


51 


33 


5 


46 


2 


4 


7 


6 


19 


17 


131 


112 


5 


47 


1 


2 


15 


18 


22 


28 


84 


18 


5 


47 


2 


2 


18 


14 


15 


8 


127 


111 


5 


48 


1 


17 


48 


56 


9 


30 


34 


10 


5 


48 


2 


10 


19 


34 


2 


12 


72 


7 


5 


49 


1 


9 


58 


123 


6 


45 


26 


3 


5 


49 


2 


1 


17 


52 


20 


42 


104 


22 


5 


50 


1 


12 


56 


17 


20 


33 


91 


35 


5 


50 


2 


2 


14 


7 


1 


13 


96 


51 


5 


51 


1 


4 


16 


25 


6 


59 


121 


20 


5 


51 


2 


4 


7 


16 


18 


44 


158 


15 



A logit model for these data was tested using the LOGLIN- 
EAR procedure of SPSS" (1986). The dependent variable 
was Category of Vocalization, and the independent variables 
were Age Group and Session. Such a model examines the 
distribution of frequencies within each age group and ses- 
sion. That is, the differences in productivity noted above were 
statistically held constant. 

TABLE 2. Mean number of vocal series for each age group in 
each session. 



Session 




Age groups (in weeks) 




All 


2-10 


12-23 


26-36 


40-55 


72-88 


1 


88.2 


131.1 


132.6 


119.2 


194.8 


134.4 


2 


111.5 


122.7 


149.4 


132.2 


224.2 


149.5 


Both 


99.8 


126.9 


141 .0 


125.7 


209.5 


141.9 



Age Group, Session, and their interaction were significant 
in that only a model incorporating all three (i.e., a saturated 
model) fit the data. Elimination of the interaction term pro- 
duced a highly significant lack-of-fit [X 2 (12) = 420.45, p < 
0005]. This result confirms (a) that the distribution across the 
seven categories was different from one age group to the 
next, (b) that it varied between the first and last observational 
sessions, and (c) that the pattern of change that occurred 
between the two sessions was different for different age 
groups. 

To facilitate description of these effects, the distributions 
of the vocalizations are shown separately for each of the 
seven categories in Figure 1 . As noted above, there is an 
orderly change in the frequencies from the youngest to the 
oldest subjects. For the first three categories, the pattern is 
one of emergence followed by decreasing frequency with 
age. Category 1, reflexive vocalizations, decreased steadily 
from the youngest to the oldest groups and also from the 
first to the last session within groups. Reflexive sounds were 
the most frequent type of vocalization for the youngest 
subjects and the least frequent type among the oldest 
subjects. For the youngest subjects, reactive vocalizations 
(Category 2) appear to have been emerging between the 
first and last sessions, but their proportion was depressed 
by the large number of reflexive vocalizations. Reactive 
vocalizations were the modal category in the second age 
group, 12 to 23 weeks, and systematically dropped in 
frequency for each of the older groups. Category 3, Activity, 
was not observed for the youngest group, but began to 
appear in the 12- to 23-week group. It occurred most 
frequently in the third age group, 26 to 36 weeks, and 
dropped off slightly for each of the older groups. The 
remaining four categories showed progressive increases in 
frequency with each age group. Category 4, Instrumental/ 
Regulatory, occurred infrequently in this sample, first ap- 
pearing in the 26- to 36-week group and increasing slightly 
for the two older groups. A similar pattern was evident for 
Category 5, Personal, and Category 6, Interactional, but the 
age-group differences were much larger. Among the oldest 
subjects (72 to 88 weeks), interactional vocalizations were 
especially frequent. The final category, Heuristic/Imagina- 
tive (Category 7), was essentially confined to the oldest 
subjects, although a few vocalizations of this type (14) were 
observed in the 40- to 55-week group. 



Individual Differences 

Results presented above for the five age groups provide 
normative data on age-related trends in categories of vocal- 
ization. However, data for individual subjects suggested 
significant individual differences within these age groups. In 
order to test for the significance of individual differences, logit 
models were fit to the data for each group. The dependent 
variable was again Category of Vocalization; the indepen- 
dent variables were Subject and Session. All five analyses 
produced the same result: a saturated model including the 
main effects of Subject and Session and the interaction of 
Subject and Session was required to fit the data (p < .00005 
for each analysis). Thus, the distribution of vocalizations 
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TABLE 3. Frequency and percentage of vocalizations in each vocal class for each group in each session. 



Aae 
(in months) 


Sess. 


Reflex. 


React. 


Activ. 


Instr./Regul. 


Person. 


Inter. 


Heur./lmag. 


Total 


2-10 


1 


817 


65 












882 






92.6% 


7.4% 
















2 


597 


518 












1115 






53.5% 


46.5% 














12-23 


1 


455 


818 


38 










1311 






34.7% 


62.4% 


2.9% 














2 


408 


654 


162 






3 




1227 






33.3% 


53.3% 


13.2% 






.02% 






26-36 


1 


462 


562 


281 


10 


6 


5 




1326 






34.8% 


42.4% 


21.2% 


.08% 


.05% 


.04% 








2 


291 


707 


444 


7 


38 


7 




1494 






19.5% 


47.3% 


29.7% 


.05% 


2.5% 


.05% 






40-55 


1 


185 


460 


302 


41 


145 


58 


1 


1192 






15.5% 


38.5% 


25.3% 


3.4% 


12.2% 


4.9% 


.01% 






2 


130 


430 


346 


68 


95 


240 


13 


1322 






9.8% 


. 32.5% 


26.2% 


5.1% 


7.2% 


18.2% 


1 .0% 




71-88 


1 


62 


338 


340 


133 


347 


710 


213 


2143 






2.9% 


15.8% 


15.9% 


6.2% 


16.2% 


33.1% 


9.9% 






2 


49 


170 


204 


111 


281 


1151 


500 


2466 






2.0% 


6.9% 


8.3% 


4.5% 


1 1 .4% 


46.7% 


20.3% 





across the seven categories varied from subject to subject, 
and changes in the distribution between Session 1 and 
Session 2 were different for different subjects. 

There are at least two possible sources of the individual 
differences among subjects within groups. The first is that 
subjects were at different levels of development. A young 
infant with a distribution of vocalizations resembling that of 
an older infant will differ significantly from his or her age- 
mates. Similarly, an older infant with a less mature distribu- 
tion of vocalizations will differ from other subjects in the 
same age group. According to this point of view, individual 
differences within age groups can be understood in terms of 
the normative data for differences among age groups. For 
example, Subjects 11 and 14 in the 12- to 23-week age 
group (see Table 1) showed high frequencies in both the 
Reactive and Activity categories. Thus, they resembled the 
infants in the 26- to 36-week age group more than they 
resembled their age peers. Subject 34, in the 40- to 
55-week age group, on the other hand, produced fewer 
vocalizations than his or her age peers, and the majority 
were in the Reflexive and Reactive categories. Such obser- 
vations suggest developmental differences among individu- 
als. Alternatively, individual differences may arise from 
unsystematic sources and may simply reflect random vari- 
ation from the norm. This conceptualization attributes indi- 
vidual differences to measurement error and other unex- 
plained sources of variation. 

To examine the nature of individual differences, a second- 
ary analysis was performed. If individual differences are 
similar to age-related differences, then it should be possible 
to group subjects a posteriori on the basis of their vocal 
behavior. The empirically derived groupings should follow the 
developmental trends noted for the age groups, with individ- 
ual differences accommodated via placement of some indi- 



viduals in groups dominated by either older or younger 
subjects. To explore this possibility, the categorized vocal- 
izations for the 51 subjects, pooled across the first and last 
sessions (Sessions 1 and 2), were submitted to hierarchical 
clustering analysis using the SPSS X (1986) CLUSTER pro- 
cedure. To control for individual differences in productivity 
(i.e., the total number of vocalizations), the data for each 
subject were transformed to proportions by dividing the 
number of vocalizations in each category by the total fre- 
quency across categories. The Euclidean distance metric 
was used, and the criterion for forming clusters was the 
average intercluster distance. 

Six clusters of subjects identified by the analysis are 
shown in Table 4 along with their chronological age groups. 
In general, the clusters follow the age groupings rather well, 
although individual differences noted above are reflected in 
the classifications as well. For example, Subjects 1 1 and 14 
do indeed cluster with subjects from chronologically older 
groups, and Subject 34 is placed in a cluster dominated by 
infants in Group 3 (26 to 33 weeks). Subject 1 7 also appears 
with a younger age group because of a high proportion of 
vocalizations in the Reflexive category. 

The mean proportion of vocalizations for each cluster in 
each category also is given in Table 4. It can be noted from 
the means that the use of proportions, which corrects for the 
overall number of vocalizations, results in trends compatible 
with those seen in Figure 1 , except for Category 4 (Instru- 
mental/Regulatory). In Figure 1, this category appears to 
have emerged at about 26 to 36 weeks and to be growing in 
frequency with age. However, the overall number of vocal- 
izations also increased, and as Table 4 shows, this category 
constituted from 1 to 8% of vocalizations between 26 and 88 
weeks, with little evidence of an upward trend. 
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FIGURE 1 . Frequency of occurrence of vocalization In the seven 
categories employed (Reflexive, Reactive, Activity, Instrumen- 
tal/Regulatory, Personal, Interactional, and Heuristic/Imagina- 
tive) across the age range 2 to 88 weeks. 



Discussion 



We may conclude that vocal communication follows a 
predictable developmental sequence in normally developing 
infants from birth to 20 months of age. During this period 
infants may show some modification of early established 
vocal communication behaviors. For example, crying is af- 
fected by listeners' responses (Bell & Ainsworth, 1972), and 
even very young infants may pause as if to wait for a 
response from a caregiver. Productivity also increases with 
age, as was shown by Delack (1978), as a function of play 
and of the types of social circumstances under which the 
subjects of the present study were recorded. 

Although the individual categories and codes in the system 
proposed were capable of describing all vocal communica- 
tion behaviors produced by the subjects of this study, it is felt 
that the seven major categories described are developmen- 
tally distinct and do succeed one another in the order 
proposed in normally developing infants. We believe that 
they can be referred to as developmental levels. It is clear 
that one category of behavior does not disappear as the next 



emerges. Indeed, as we have seen, there is considerable 
overlap of the categories with one another at higher devel- 
opmental levels, even though the earlier appearing catego- 
ries decline markedly over the first 18 months of life. How- 
ever, the onset of each new category, that is, its full 
emergence, can probably be identified quite readily by rela- 
tively naive observers provided that they have been closely 
involved with the infant. 

The Reflexive category attained a peak at the youngest 
ages (2 to 10 weeks) and declined thereafter. The Reactive 
and Activity categories showed wave-like increases and 
decreases in frequency over age groups with persistence 
throughout the age range of the infants studied. The Inten- 
tional Communication categories showed sequential in- 
creases after their appearance in the 26- to 36-week or 40- to 
55-week age group with the exception of the Instrumental 
Category, which remained at a low level. 

Individual differences among infants in the same age group 
are apparent, and they can be described in terms of the 
developmental trends across age groups. That is, some 
individuals showed vocal communication patterns character- 
istic of chronologically older or younger infants. Moreover, 
close inspection of the data in Table 1 reveals that, within age 
groups, many of the changes that occurred between the first 
and last test sessions were also reflective of the develop- 
mental sequence observed in Figure 1 . 

This instrument may be used to determine the emergence 
of categories of vocal communication behaviors in individual 
infants. A target proportion may be used for this purpose — for 
example, that of 0.2 of all vocalizations in a given session, as 
in Oiler's studies of the sound production behavior of canon- 
ical babbling (e.g., Oiler & Eilers, 1988), or an acceleration in 
frequency of occurrence from a low count (e.g., 2 to 4) in 
each of a series of early sessions to a high count (e.g., 15 or 
more) in an immediately succeeding session, as in a Black- 
well & Stark (1991) study of disyllables. The sound produc- 
tion characteristics of communication — for example, audi- 
tory, acoustic, or motor characteristics of vocalization — may 
then be examined to determine whether a marked change in 
this subsystem coincides with emergence of the new vocal 
communication behavior. Such changes might be of de- 
creased motor control (reduction in duration, intensity, 
breathy quality of phonation) or of increased motor control 
(e.g., greater complexity of articulatory sequences). 

Recent studies of speech motor behavior in normally 
developing infants (Kent & Murray, 1982; Oiler, 1986; Stark, 
Ansel, & Bond, 1988) suggest that in this subsystem, as in 
vocal communication, new behaviors emerge slowly at first, 
then at an accelerated rate. Old behaviors persist as well; 
thus, there is a quantal and highly salient change after the 
onset of a new behavior that is not accompanied by extinc- 
tion of the old. It is not known, however, whether quantal 
changes in sound production coincide with those taking place 
in the vocal communication subsystem. 

Our own work suggests that this is too simple an account 
of what is happening. Reduplicated babbling (e.g., 
dadadada) in the 6- to 10-month infant can be considered as 
an advance in sound production associated with Activity. It is 
produced predominantly in the context of exploration of 
objects and of the environment. In individual infants, how- 
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TABLE 4. Proportion of vocalizations in each category for subjects in each cluster. 
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Category 

Age 



Subject 


group 


Cluster 


1 


2 


3 


4 


5 


6 


7 


1 




1 


.81 


.19 


.00 


.00 


.00 


.00 


.00 


3 


-I 


1 


.66 


.34 


.00 


.00 


.00 


.00 


.00 


4 


1 


1 


.86 


.14 


.00 


.00 


.00 


.00 


.00 


5 




1 


.72 


.28 


.00 


.00 


.00 


.00 


.00 


7 




1 


.81 


.19 


.00 


.00 


.00 


.00 


.00 


8 


1 


1 


.73 


.27 


.00 


.00 


.00 


.00 


.00 


10 


1 


1 


.84 


.16 


.00 


.00 


.00 


.00 


.00 


17 


2 


1 


.73 


.27 


.00 


.00 


.00 


.00 


.00 






M: 


.77 


.23 


.00 


.00 


.00 


.00 


.00 


2 


1 


2 


.57 


.43 


.00 


.00 


.00 


.00 


.00 


6 


1 


2 


.37 


.63 


.00 


.00 


.00 


.00 


.00 


9 


1 


2 


.54 


.46 


.00 


.00 


.00 


.00 


.00 


12 


2 


2 


.29 


.61 


.10 


.00 


.00 


.00 


.00 


13 


2 


2 


.34 


.61 


.05 


.00 


.00 


.00 


.00 


15 


2 


2 


.23 


.72 


.05 


.00 


.00 


.00 


.00 


16 


2 


2 


.28 


.71 


.01 


.00 


.00 


.00 


.00 


18 


2 


2 


.38 


.61 


.01 


.00 


.00 


.00 


.00 


19 


2 


2 


.29 


.71 


.01 


.00 


.00 


.00 


.00 


20 


2 


2 


.48 


.52 


.00 


.00 


.00 


.00 


.00 






W: 


.38 


.60 


.02 


.00 


.00 


.00 


.00 


14 


2 


3 


.27 


.56 


.17 


.00 


.00 


.00 


.00 


21 


3 


3 


.27 


.49 


.20 


.01 


.02 


.01 


.00 


23 


3 


3 


.44 


.45 


.11 


.00 


.00 


.00 


.00 


25 


3 


3 


.20 


.55 


.25 


.00 


.00 


.00 


.00 


26 


3 


3 


.30 


.49 


.20 


.00 


.01 


.00 


.00 


28 


3 


3 


.26 


.53 


.17 


.01 


.04 


.00 


.00 


29 


3 


3 


.37 


.35 


.23 


.00 


.04 


.01 


.00 


30 


3 


3 


.32 


.41 


.24 


.01 


.00 


.01 


.00 


34 


4 


3 


.40 


.39 


.11 


.02 


.00 


.07 


.01 






M: 


.31 


.47 


.19 


.01 


.01 


.01 


.001 


11 


2 


4 


.24 


.44 


.31 


.00 


.00 


.01 


.00 


22 


3 


4 


.19 


.48 


.31 


.02 


.00 


.00 


.00 


24 


3 


4 


.10 


.43 


.45 


.00 


.01 


.01 


.00 


27 


3 


4 


.24 


.32 


.41 


.00 


.02 


.00 


.00 


31 


4 


4 


.18 


.42 


.34 


.01 


.03 


.03 


.00 


35 


4 


4 


.16 


.37 


.30 


.01 


.13 


.02 


.00 


36 


4 


4 


.02 


.38 


.34 


.03 


.13 


.08 


.01 


37 


4 


4 


.06 


.45 


.35 


.00 


.09 


.05 


.00 


40 


4 


4 


.05 


.56 


.33 


.00 


AC 

.Uo 


.Ul 


-UU 






M: 


.14 


.43 


.35 


.01 


.uo 


AO 


.UU<i 


32 


4 


5 


.20 


.23 


.21 


.05 


.18 


.14 


.00 


33 


4 


5 


.05 


.33 


.09 


.06 


.14 


.31 


.02 


38 


4 


5 


.28 


.21 


.21 


.17 


.01 


.12 


.00 


39 


4 


5 


.06 


.16 


.30 


.12 


.12 


.25 


.00 


44 


5 


5 


.02 


.13 


.12 


.11 


.22 


.38 


.02 


48 


5 


5 


.08 


.19 


.25 


.03 


.12 


.29 


.05 


49 


5 


5 


.02 


.14 


.33 


.05 


.16 


.25 


.05 






M; 


.10 


.20 


.22 


.08 


.14 


.25 


.02 


41 


5 


6 


.05 


.07 


.11 


.04 


.15 


.43 


.16 


42 


5 


6 


.04 


.10 


.03 


.09 


.18 


.26 


.29 


43 


5 


6 


.01 


.08 


.08 


.02 


.06 


.65 


.11 


45 


5 


6 


.01 


.20 


.11 


.01 


.18 


.28 


.21 


46 


5 


6 


.02 


.04 


.02 


.09 


.09 


.41 


.33 


47 


5 


6 


.01 


.07 


.07 


.08 


.07 


.44 


.27 


50 


5 


6 


.03 


.16 


.05 


.05 


.1 


.42 


.19 


51 


5 


6 


.02 


.04 


.08 


.05 


.20 


.54 


.07 




M: 


.02 


.09 


.07 


.05 


.13 


.43 


.20 



ever, we have observed that the sounds produced at the 
onset of the Activity period (i.e., in relation to active move- 
ment and manipulation of objects without apparent commu- 
nicative intent) are not those of reduplicated babbling. In- 



stead, they are the small grunts of/or friction noises that the 
infant has been producing for some months in other contexts. 
Reduplicated babbling in these infants has appeared some 
weeks later. This form of babbling is a rhythmic stereotypic 
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speech motor behavior comparable to the rhythmic move- 
ments of the hands seen in Activity. These manual rhythmic 
movements appear in the data of Eilers et al. (in press) at 
approximately the same time as canonical syllables and 
probably somewhat earlier than reduplicated babbling (Oiler, 
personal communication, 1 992). Thus the data from Eilers et 
al. as well as our own observations suggest that canonical 
syllables are integrated with active exploration of the envi- 
ronment in reduplicated babbling. 

A different view has been expressed by Pettito (1991), who 
has shown some striking similarities between the manual 
babbling produced by deaf infants exposed to sign language 
from birth and the vocal babbling of infants with normal 
hearing. She suggests that babbling is a product of an 
amodal, brain-based language capacity under maturational 
control in which phonetic and syllabic units are produced by 
the infant as the first step toward building a mature system. 

The coding scheme we have developed will make it 
possible to address questions about the relationship of vocal 
communication with other developing subsystems and about 
their integration or coupling with one another. It is not claimed 
that such couplings account for language development. They 
reflect growth in other domains as well— for example, ana- 
tomic growth and maturation of the closely associated motor 
systems that govern speech and manual activity, all of which 
must be under genetic control. It is possible, however, that in 
their own right they play an active and significant role in the 
early development of language and one that is worthy of 
further investigation. 
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Appendix 

Two-letter codes employed in judgments of vocalizations of infants 
according to their communicative context or accompanying nonvocal 
behaviors. The codes are subsumed under seven categories. The 
categories are listed in ascending order of hypothesized acquisition. 

1 . Reflexive Sound Making (birth to 2 months) 
Vegetative sounds 

VG coughing, burping, spitting up, sneezing, yawning, primitive 
vegetative sounds; sucking on nipple or thumb 
Distress sounds 

CR crying; cry face, mouth opened wide; stiffening of arms and 
legs; sustained vocalization; mother may try to comfort infant 

DS discomfort; unhappy face, sounds of fussing; mouth partly 
closed, less sustained vocalization, sometimes flailing move- 
ments of arms and legs; mother may comment on infant's 
expression of discomfort or may try to comfort infant 

GS grunts in relation to movement of trunk and limbs (passive 
movement or active effort); and sighs 

2. Reactive Sound Making (2 to 5 months) 
Neutral sounds 

NT sounds produced with neutral facial expression, while gazing at 
the environment or at a specific object within it 

NP sounds produced with neutral facial expression, while gazing at 
an adult 
Pleasure sounds 

LF laughter; laugh face, responsiveness to playful adult; excited 
movements of arms and legs, sustained vocalization; reactive, 
not pretended (as in the case of "fake laughter") 

CP comfort sounds; smiling bright facial expression and fixed visual 
regard directed toward nodding, smiling, interacting adult. 

CF comfort sounds; smiling, bright facial expression and fixed 
visual regard directed toward object in a noninteractive context 

3. Sound-Making in Relation to Activity or in Response to Play 
Objects Without Apparent Communicative Intent (6 to 9 months) 

Visual attention to objects 
OV sounds made during close, prolonged, or intense visual inspec- 
tion of objects held in hand 
Objects in mouth 
OM sounds made with objects, hand or fingers being explored in the 
mouth, or hand repetitively hitting mouth, in such a manner that 
the acoustic patterns of output are altered by presence of 
hand/object 
Activity with objects 
OA sounds made immediately before, during or after hitting, wav- 
ing, shaking, or banging an object; sounds made reaching for 
an object without looking at adult for assistance 
Activity not related to objects 
AC sounds produced while striking surfaces repetitively with the 
hand or foot, clapping hands, or bouncing or jiggling the torso in 
a sitting or standing position 
Locomotion 

LM sounds produced while crawling, cruising, or walking around 
the room 



4. Sound-Making with Communicative Intent (social interaction cen- 
tering around self and objects). Codes derive in part from Halliday 
(1973). (10 to 18 months) 

a. Instrumental/Regulatory 

WO sounds/words expressing desire for object (accompanied by 
reaching, grabbing, pulling adults toward objects); infant looks 
at adult for assistance when making these sounds/words 

RO sounds/words expressing rejection of object (accompanied by 
shaking head, turning away, pushing objects away); infant 
looks at adult 

WA sounds/words expressing desire for activity (accompanied by 
holding out of object with which activity is desired, pulling of 
adult towards object with which joint activity was previously 
enjoyed, reaching up toward mother to be held; infant looks at 
adult 

RA sounds/words expressing rejection of activity (accompanied by 
shaking head, turning away, pushing away object upon which 
activity was previously centered); infant looks at adult 

b. Personal 

PR sounds/words used in expression of feeling (as distinct from 
desire and rejection listed under Instrumental/Regulatory); sur- 
prise, pleasure, affection, withdrawal, complaint, and shyness 
indicated by posture and facial expression; expressions are 
directed toward adult(s) 

c. Interactional 

GR greetings; sounds used to draw attention to self; calling some- 
one (even by name); infant looks toward adult 

EX sounds/words used to initiate and maintain ritual exchanges, 
with ability to time vocal response appropriately 

IM imitation of, that is, reasonably successful (veridical) attempts 
to imitate, adult verbalization 

DO sounds/words used to draw attention to objects, person, or 
animal; in exchange of objects (accompanied by pointing, 
offering); in commenting on an object or movement of an object 
upon which joint attention of the infant and adult is focused 

NO noticing the existence of an object, even one that was previ- 
ously present 

CO commenting on an object or movement of an object upon which 
attention of infant and adult is focused 

d. Heuristic/Imaginative and other 

OS sounds made by infant that are onomatopoetically related to an 
activity or object (e.g., animal noises, car noises) 

NM naming an object, person, and so forth, in response to ques- 
tions such as "What's that?" 

QN request for names ("What's that?"). Pointing at object, looking 
at adult, producing vocalization with rising intonation 

CM sounds/words used in commenting on appearance or disap- 
pearance of objects 

MG sounds/words used in pretend play or in imitation of rhymes or 
meaningless jingles 

AF agreement: "Yes" 

NG disagreement: "No", or denial 



